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Why Are We Here?

...to discuss wet detention ponds and how they
are used to meet GDOT's post-construction BMP
requirements
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Included in the designer’s “tool box” to meet
MS4 and other stormwater requirements.



Points of Discussion

Wet Detention Pond

e Function and Components

e Design Considerations
 Advantages and Disadvantages
e Sizing and Design Methodology




Wet Detention Pond

What is it?

An earthen pond with a permanent pool and
temporary storage for attenuating stormwater flows
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Wet Detention Pond

What are its critical components?

 Forebay  Detention Storage

* Permanent Pool e Qutlet Control Structure
Aquatic Bench (wetland plantings) ¢ Emergency Spillway
Safety Bench

O S e S D DN B BN BN BN B B S T
Forebay

Spillway Berm
100-Year Level
25-Year Level ~
CP., Level + WQ,

Qutflow

- . |
Safety Bench Aquatic Bench Drawdown “ pord Drain \Riser Riprap

Orifice



Wet Detention Pond

What is its purpose?

® Vegetative
* Provide detention and attenuate EonveyHee

peak flows ® Filtration
 Can be designed to meet all unified Settling
sizing criteria (water quality, —
channel protection, overbank flood ® Infiltration
protection and extreme flood @ T5S Removal = 80%

protection)

Detention

 Reduce TSS and other pollutants



Wet Detention Pond

Four major Post-Construction Stormwater Management
Requirements (MS4 permit):

. Extreme —> Qf
Flood |
Pro_icg:;ion

Overbank
Flood
Protection

Channel
Protection

P



Wet Detention Pond

Advantages

e Meets 80% TSS removal
requirement

e Effective in treating
other contaminants
(fecal coliform,
nitrogen, phosphorus,
heavy metals)




Wet Detention Pond

Disadvantages

Large footprint

Difficult to maintain
permanent pool

Additional maintenance
issues over dry pond |

Safety concerns
associated with a
permanent pool
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Wet Detention Pond

How does it compare to other BMPs?

TSS Total Total Fecal
Phosphorus Nitrogen Coliform

Filter Strip 60 % 20 % 20% - 40 %
Grass Channel 50 % 25% 20%  emeeeeeee- 30 %
Enhanced Dry Swale 80 % 50 % 50% - 40 %
Enhanced Wet Swale 80 % 25 % 40% - 20 %
Infiltration Trench 80 % 60 % 60 % 90 % 90 %
Sand Filter 80 % 50 % 25 % 40 % 50 %
Dry Detention Basin 65 % 10 % 10% - 50 %
Wet Detention Pond 80 % 50 % 30 % 70 % 50 %
Stormwater Wetland — Level | 80 % 40 % 30 % 70 % 50 %
Stormwater Wetland — Level Il 85 % 75 % 55 % 85 % 60 %
Bioslope 95 % 80 % 25% 60 % 85 %
OGFC 50% e e s e

Bioretention 85 % 80 % 60 % 90 % 95 %
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Wet Detention Pond

Design of Critical Components

 Forebay  Detention Storage
* Permanent Pool e Qutlet Control Structure

Aquatic bench (wetland plantings) ¢ Emergency Spillway
Safety Bench

Spillway Berm Permanent Pool
100-Year Level 7 /
25-YearLevel &~/
CP, Level + WQ. =7

| \ L T — =3 - ///SmHeOth
Safety Bench -~ s R U |

Aquatic Bench Drawdown “ psrid Drain
Orifice



PE—

Wet Detention Pond

Forebay

Purpose: Dissipates inflow and reduces large particulates

Sizing: Capacity of 0.1 inch runoff/impervious acre

SPILLWAY WIDTH TUCK PLASTIC FILTER
VARIES MIN
PER BMP*

FABRIC 12

TUCK PLASTIC FILTER
FABRIC 12" MIN

WOVEN PLASTIC FILTER FABRIC
(GDOT SPECIFICATION 881.2.05)

~ TYPE-3 RIPRAP

PROPOSED /EXISTING (GDOT SPECIFICATION 603)
GROUND
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Wet Detention Pond

Permanent Pool

Purpose: Provides for settling and water quality treatment

Sizing: Capacity of 0.1 inch runoff/impervious acre or WQ,, for
larger drainage areas

Design Considerations:

e Requires 3’ to 8 depth (6’
max is preferred for safety)

e Ensure permanent pool can
be maintained with water
balance calculation

e Bottom of pond should be
minimum 2 ft above
seasonably high water table
if over a water supply aquifer
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Wet Detention Pond

Outlet Control Structure

Purpose: Establishes permanent pool level, Outflow hydrographs

Sizing: Size WQ,, orifice and CPy, orifice to draw down in 24 hours

Qp25p0st< Qpas pRE

(]
2
()
o
I

DEFINITION

Water Quality Orifice Invert Elevation
Channel Protection Orifice Invert Elevation
Overbank Flood Protection Invert Elevation
Extreme Flood Protection Invert Elevation
Permanent Pool Elevation

Qutlet Structure Width

Qutlet Structure Length

Outlet Structure Height

36" PERFORATED 5 ROUND CMP
WITH STEEL PLATE, %" DIA. HOLE
MIN. SPACED 4" O.C.

6" PIPE DIA (MIN)

b
Safe passage of Q; —— :
al @ 4 a | i X
Design Considerations: B s I
 Ensure design 16" |4
prevents clogging by s o- “f>— THREADED
floating debris t_s|s|s|§m|@|m§<%/? -iq §
== ||= A\ [Beaege
* Ensure design allows '_m;%;m”‘ﬁ"ﬁ"i\ Neees2d |s
access to drain pond (PR e ax 8 %\‘x -
for maintenance = Mﬁ'“ﬁ" - = =SS
FOUNDATION, BACKFILL 1T 217" hing -\ 1 | L.

RIA|
(GDOT SPECIFICATION 207)

PVC GATE
VALVE




Wet Detention Pond

Detention Storage

Purpose: Detain and attenuate peak flows for larger storms

Sizing: Contain all Unified Sizing Criteria volumes (wq,, cP,, Q,2s, Q)

Design Considerations:

e Drainage area between 10
and 75 acres

e Detention storage is located
above (and does not include)
permanent pool volume




Wet Detention Pond

Embankment

Purpose: Provide aquatic and safety bench, maintenance access

Sizing: Bench/embankments to allow plantings and maintenance

Design Considerations:

e 2:1 maximum embankment side slope, but 3:1 is preferred
e 15’ (average) aquatic bench with 12-18” depth below permanent pool

e 15’ safety bench with maximum 6% slope (not required if embankment
slope 4:1 or less)

12-18"DEEP—,
. PERMANENT Feai J,f PAN 174
=~ POOLEL. Ty ~ 6% MAX
- SAFETY BENCH _!
. AQUATICBENCH _|  AVERAGE 15'

AVERAGE 1%’
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Wet Detention Pond

Embankment

s s

s
e o S,

Design Considerations: | oo
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detailed in landscape

5o ey e o,
L ABAY TN 1 P ) A S 15 AR AT G4 e 151 1 1 1
A,

R o s L e,
kB kA 5 B L A RLPLAPVID oL AT ATHSE B

T —— . A
g T e e T T
an o —————————————— T
73 L B LAVED T 3 R A 5L AR TAT TED TS TV RO T G =
e e

e
TR S (U SEVTUAT, 0% 043 P, WAL LTI DTN S L B 4 PR WA

 Woody vegetation R
should not be planted
on dam

R o The oF Pasrerion,

e T
L 1, SN A A R p

oo

ALt AR L 5
T

TRE FLANTING DETA|
=T

MM NAE s am

ik fren u

W
[

g
foe mesc m.me.-u Evegvu G g £l

i 700 CALCULATED Y INSTALLIG
dacon Barmida G

e Source: Mandel Design

XN '6)

TR
Source: NCDOT - e | 1 PO N ﬁwmwa;cr




== CIEN =

Georgia Department of Transportation

Wet Detention Pond

Emergency Spillway

Purpose: Provide emergency overflow relief for protection of
pond structural integrity and downstream flood prevention

during extreme events

Sizing: Size to safely pass the 100-yr
peak flow

Design Considerations:
e Protect and armor spillway weir

and embankment tie-ins with
concrete or riprap

e Proper sizing and protection of
conveyance connection to 5
stable outfall 4, e
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Design Example

Given:

* New alignment roadway project in Paulding County (District 6)

e Total drainage area of 10.23 acres discharging into a wet detention pond
comprised of:

* 3,000 linear feet of roadway: )
20 12 12 20

e — e e ! e -]

“two 12-ft lanes

“two 6-ft paved shoulders

~20-ft grassed areas (both sides
of road) draining via sheet flow

* 5 acres off-site drainage area (no neyw”
existing impervious area)

* Pre developed Tc = 45 minutes

* Post developed Tc =25 minutes
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Steps to Design Wet Detention Pond

1 Calculate forebay volume
Calculate permanent pool volume
and min depth i - - - - - - - - - - - - - - -
Calculate water quality volume and fenzzay
design orifice Spillway Berm Permanent Pool
_ 100-Year Level 7 /
25-Year Level ¢
Calculate channel protection volume
and design orifice
Aquatic Bench Drawdown ” porid Drai Riser

CR Level + WQ. =7
5 Design pond and outlet to maintain Orifice

o1

Inflow- “ = Al \-----=% .

Safety Bench Rip!

25-yr pre-development peak flow

Design spillway to safely convey 100-
ﬁ yr post-development peak flow




Steps to Design Wet Detention Pond

1 Calculate Forebay Volume

Minimum forebay size: 0.1 inch per impervious acre (ImpAc)
ImpAc = (3000°)*(24’+12’) = 108,000 ft% = 2.48 acres
Viorebay = (0.1 inch/acre)*(2.48 acre) = .248 acre-inch

= 900 ft3 (actual forebay volume = 1,046 ft3)

Forebay
x spillyay Berm Permanent Pool
| 100-Year Level AV /

25-Year Level

CP, Level + WQ. g

Conversions: el .
1 acre = 43,560 ft? Inflow 2 %o N Outflow.
1 acre-inch = 3,630 ft3 safetyBench ™ aquaticBench  Drawdown ” porig Drain Riser

Orifice

&
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Steps to Design Wet Detention Pond

1 Calculate forebay volume Viorebay = 1,046 ft?

Calculate permanent pool volume
and verify pond can maintain
Calculate water quality volume and
design orifice
Calculate channel protection volume
& and design orifice

5 Design pond and outlet to maintain

25-yr pre-development peak flow

Design spillway to safely convey 100-
ﬁ yr post-development peak flow




&
Steps to Design Wet Detention Pond

2 Calculate permanent pool volume

Minimum permanent pool (PP) size: 0.1 inch per impervious acre

ImpAc = (3000°)*(24’+12’) = 108,000 ft% = 2.48 acres
Vpp = (0.1 inch/acre)*(2.48 acre) = .248 acre-inch
= 900 ft3 (actual permanent pool = 1,422 ft3)

e ——— —
Forebay

Permanent Pool

Spillway Berm

Conversions: - .
1 acre = 43,560 ft2 (i S b Dutflow

1 acre-inch = 3,630 ft3 Safety Bench ™ aquatic' Bench grggvdown Portd r Riser Ripr
rifice
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Water Balance Calculations

A Verify perm pool can be maintained

AV =X inflow — X outflow Eq 10.2-1

AV=P+Ro+Bf —I—E —Et—0f |[fal022
/P = precipitation (ft) \

Rain Upstream Ro = runoff (ac-ft)
Baseflow Runoff Bf = baseflow (ac-ft)
| = infiltration (ft)
E = evaporation (ft)
Et = evapotranspiration (ft)

kOf = overflow (ac-ft) /

*For this example, assume no baseflow
and no evapotranspiration. Overflow is

I not a concern for average values of
Evapotranspiration

Infiltration ) . e s
Evaporation Overflow precipitation.




Calculate the volume of
precipitation that falls on Calculate infiltration
the permanent pool

SUM OUTFLOWS

Calculate the volume of Calculate the difference
runoff from the between the inflows

contributing drainage area and outflows

SUM INFLOWS VERIFY PERM POOL CAN

Calculate the volume of BE MAINTAINED

evaporation that occurs
over the permanent pool
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Water Balance Calculations

1 Calculate the volume of precipitation that falls on the
permanent pool

-mmmmmmmmmmm

Precip

(in)

484 516 508 394 4. 4.0 5. 433 409 343 429 449

#- U.S. climate data

Temperature - Precipitation - Sunshine - Snowfall

United States

Monthly Daily History Geo & Map ‘Weather Forecast

Climate Dallas - Georgia °C | °F

Jan Feb Mar Apr May Jun

http://www.usclimatedata.com/climate/dallas/qeorgia/united-states/usqa0157

Average high in °F: 51 56 64 73 a0 a7
Average low in °F: 30 33 39 46 55 64
Ay, precipitation in inch: 4.84 5.16 5.08 3.94 4.13 4.06
Days with precipitation:
Hours of sunshine:
Average snowfall in inch: 1 1 1 o o o
Jul Aug Sep Oct Nowv Dec
Average high in °F: a9 a9 a3 73 64 53
Average low in °F: 67 67 60 438 39 3z
Ay, precipitation in inch: 5.12 4.33 4.09 3.43 4.29 4.49
Days with precipitation:



Water Balance Calculations

Calculate the volume of precipitation that falls on the

permanent pool

-mmmmmmmmmmm

Precip

(in)

484 516 508 394 433 409 343 429 449

Precipitation volume directly into pond (P) equals
precipitation depth (inches) times permanent pool
surface area (0.02 acre) divided by 12 to convert to

acre-feet



y) Calculate the volume of runoff from the contributing

drainage area

Ro = — |Eq10.2:5 Q = (09R,)P |Ea1024
12
P (0.9R,) + P x A
[ § —
12
¢ Q = runoff depth (in) N Values needed to calculate Ro:

o

Ro = runoff volume (ac-ft)

A = site area minus permanent pool area (acres)
P = precipitation (in)
R, = volumetric runoff coefficient

)

Rv="

P = determined in previous step
A =7



Water Balance Calculations

y) Calculate the volume of runoff from the contributing

drainage area

R, = 0.05+ 0.009(]) |Ea1023

| = percent imperviousness
of drainage basin (percent)

B 2.48 ac
"~ 10.23 ac

| = 24.2%

R, = 0.05 + 0.009(24.2) = 0.27



Water Balance Calculations

y) Calculate the volume of runoff from the contributing

drainage area

Permanent Pool Area = 857 ft2 = 0.02 acre

Basin Area = 10.23 acres
A=10.23-0.02=10.21 acres

(0.9 %0.27) * P * (10.21 ac)

ko in
12 (ﬁ)

Conversions:
1 acre =43,560 ft2




Water Balance Calculations

y) Calculate the volume of runoff from the contributing
drainage area

-mmmmmmmmmmm

f.:?up 484 516 508 394 413  4.06 433 409 343 429 449

P (pool)
(ac-ft)

0.008 0.009 0.008 0.007 0.007 0.007 0.009 0.007 0.007 0.006 0.007 0.007




Water Balance Calculations

Total the inflow to the Wet Pond

| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug |Sept| Oct | Nov | Dec_

fa(cp_‘;‘;')’ 0.008 0.009 0.008 0.007 0.007 0.007 0.009 0.007 0.007 0.006 0.007 0.007
?aoc_ft) 100 107 105 0.81 085 084 106 090 085 071 089 0093

Sum the monthly precipitation and runoff inflows to get total monthly
inflow to the pond



3 Calculate the volume of evaporation that occurs over the
permanent pool

Water Balance Calculations

e Obtain monthly evaporation distribution

Table 10.2-2 Evaporation Monthly Distribution !

Jan

Feb

Mar

Apr

May

Jun

Jul

Sept

Oct

Mov

Dec

3.2%

4.4%

7.4%

10.3%

12.3%

12.9%

13.4%

9.3%

7.0%

4.7%

3.2%

 Determine the annual free water surface evaporation value
| = 37.5 inches




Water Balance Calculations

3 Calculate the volume of evaporation that occurs over the
permanent pool

| yan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept | Oct | Nov | Dec_

Evap.
Dist.

32% 44% 74% 103% 123% 12.9% 134% 118% 93% 7.0% 4.7% 3.2%

Evaporation equals monthly percent of 37.5 inches multiplied by the
surface area of the permanent pool (calculated earlier as .02 acre)
and converted to acre-feet
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Water Balance Calculations

Calculate the volume of infiltration that occurs in the wet

pond

Estimate the
hydraulic
conductivity of
your soils using
Table 10.2-1

For this example, assume
sandy clay loam soil

Table 10.2-1 Saturated Hydraulic Conductivity e

Hydraulic Conductivity

Loam

Material

infhr ft/day
ASTM Crushed Stone Mo. 3 50,000 100,000
ASTM Crushed Stone Mo. 4 40,000 80,000
ASTM Crushed Stone Mo. 5 25,000 50,000
ASTM Crushed Stone Mo. 6 15,000 30,000
Sand 827 16.54

Loamy sand 241 482

Sandy loam 1.02 2.04

0.52 1.04

Sandy clay loam

0.06

012

Silty clay loam
Sandy clay 0.05 0.1
Silty clay 0.04 0.08
Clay 0.02 0.04
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Water Balance Calculations

Calculate the volume of infiltration that occurs in the wet

pond

I — Athh

/I = infiltration (ac-ft/day)
A = cross sectional area through which water infiltrates

(ac).

k, = saturated hydraulic conductivity or infiltration rate

(ft/day)
KGh = hydraulic gradient = pressure head/distance

o

)

Eq 10.2-6

In this example, we have a total surface area
of 0.02 acres (A ,,.,) in our permanent pool.

Typical values of G, are 1.0 for pond bottom
and 0.5 for pond sides steeper than 4:1

A i = A portom + A ciges = 0.016 + 0.004

tota

ft

I =[(0.004 ac)(1) + (0.016 ac)(0.5)]| 0.34—=——

= 0.004 ac — ft/day

day
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Water Balance Calculations

Calculate the volume of infiltration that occurs in the wet

pond
-mmmmmmmmmmm
Days/
Mo 31 28
Evap' 9 0 0 0 0 0 0 0 o 0 0 0
Dist. 3.2% 4.4% 7.4% 10.3% 12.3% 12.9% 13.4% 11.8% 9.3% 7.0% 4.7% 3.2%
£ 12 17 28 39 46 48 50 44 35 26 18 12
(inch)
E
ac-ft) 0.002 0.003 0.005 0.006 0.008 0.008 0.008 0.007 0.006 0.004 0.003 0.002

0.105 0.095 0.105 0.102 0.105 0.102 0.105 0.105 0.102 0.105 0.102 0.105

(
I
(ac-ft)

Infiltration equals daily infiltration rate of .004 ac-ft per day multiplied by
the number of days in each month



Water Balance Calculations

Total the outflow from the Wet Pond

| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept | Oct | Nov | Dec
E

(ac-ft) 0.002 0.003 0.005 0.006 0.008 0.008 0.008 0.007 0.006 0.004 0.003 0.002

0.105 0.095 0.105 0.102 0.105 0.102 0.105 0.105 0.102 0.105 0.102 0.105

Sum the monthly evaporation and infiltration outflows to get total monthly
outflow from the pond



&
Water Balance Calculations

Calculate the difference between the inflows and outflows

[ Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept | Oct | Nov | Dec

;21:-?:\)/ 1.008 1.079 1.058 0.817 0.857 0.847 1.069 0.907 0.857 0.716 0.897 0.937
Outflow
(ac-ft) 0.107 0.098 0.110 0.108 0.113 0.110 0.124 0.113 0.108 0.110 0.105 0.107
Balance
(ac-ft) 0.901 0.981 0.948 0.709 0.744 0.737 0955 0.794 0.749 0.606 0.792 0.83
Balance

39,248 42,732 41,295 30,884 32,409 32,104 41,600 34,587 32,626 26,397 34,500 36,155

(ft°)

Subtract the outflows from the inflows to get the monthly balance of the wet pond and
convert to cubic feet for comparison with perm pool volume

The water balance is greater than the permanent pool volume (1,422 ft3) every

month: the pond can maintain the permanent pool
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Steps to Design Wet Detention Pond

1 Calculate forebay volume Viorebay = 1,046 ft?
Calculate permanent pool volume _ 3 _
z and verify pond can maintain Veermpool = 1,422 ft*, Depthyy, = 3.0 ft
Calculate water quality volume and
design orifice
Calculate channel protection volume
& and design orifice

Design pond and outlet to maintain
5 25-yr pre-development peak flow

Design spillway to safely convey 100-
ﬁ yr post-development peak flow




Calculate water quality volume (WQ,)

WQv based on basin area and new impervious area percentage

Eq 10.2-7 | WQ. (ft3) = 1.2(in) *R, * A(acres) * 43,56O(acres/ft2)/12(in/ft)
V Vv

= (12) * (047) * (523) * (43;560) / 12 R, = volumetric runoff coefficient

= 0.05+0.009*|
— 3 = 0.05+0.009%(47) = 0.47
= 10,707 ft T
| = impervious area (%)
Remember the permanent pool NP S PSP P
volume is included in WQy, so: :
Forebay
3) = 3 _ Spillway Berm Permanent Pool
WQV (ft ) - 101707 ft \ i 100-Year Level <7 /
260l ki

(1,046 ft3 + 1,422 ft3)

CR. Level + WQ, 7 /

) 8’239 ft3 Inflow

Safety Bench

Aquatic Bench Drawdown “ pg g rain Riser

Ript
Orifice
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Steps to Design Wet Detention Pond

Design water quality (WQ,) orifice

Orifice sized to release WQv over 24 hours

Orifice Equation:

Qugy (cfs) = Cp * A (ft2) * \[(2g)H,,,, (ft) Eq 10.4.3-3

(095 cfs) = (0.6) * (A) ¥ 2* (32.2ft/s?) * (1ft)

g _ E _
A =.020 ftz Qyq, (orifice flow rate) = 8,239 ft3 /24 hr = 0.095 cfs
C,, (orifice coefficient) = 0.6

A = orifice area (ft)

AH,, (max depth at WQu stage) = 1.0 ft

D =\ 4 * (.020 ft2)/

D=0.16 ft =1.9 in (use 2.0 inches for constructability)

WQ, orifice: 2” diameter at top of permanent pool
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Steps to Design Wet Detention Pond

1 Calculate forebay volume Viorebay = 1,046 ft?
Calculate permanent pool volume _ 3 _

z and verify pond can maintain Voermpool = 1,422 ft*, Depth,;, = 3.0 ft
Calculate water quality volume and _ 3 an _ perm bool
Calculate channel protection volume

& and design orifice

Design pond and outlet to maintain
5 25-yr pre-development peak flow

Design spillway to safely convey 100-
ﬁ yr post-development peak flow




&

Channel Protection Volume (CP,)
Calculation Steps

Determine runoff depth(Q-
inches) for 1-year 24-hour
storm event

Determine the unit peak
discharge rate (q,) for the 1-
year 24-hour storm event

Compute the channel
protection volume
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Channel Protection Volume (CP,))

Calculation Steps
Determine direct runoff depth for 1-year 24-hour storm
event

Calculate direct runoff:

2
P = 1-year 24-hour rainfall (P - O . 2 S )
depth (inches) 124 —_ EC| 10.2-10
S = ultimate abstraction ’ (P + O . 85 )
(inches)
S =4.29 inches
Pp="7

To calculate S, we use
the following formula:

Eq 10.2-11 S—-1000
e ~CN

We need to know the basin CN to perform this calculation



Calculation Steps
Determine direct runoff depth for 1-year 24-hour storm
event

Calculate composite CN number for the project basin:

Impervious Area (calculated earlier) = 2.48 ac (CN=98)
Pervious Area (10.23 total acres — 2.48 acres) = 7.75 ac (CN=61)

(2.48%98)+(7.75%61) _

CN = 70
10.23
Now we can calculate ultimate abstraction:
S = % — 10 = 1000/70 — 10 = 4.29 inches

&

S=4.29 inches
P=7?
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Channel Protection Volume (CP,)
Calculation Steps

Determine direct runoff depth for 1-year 24-hour storm
event

Obtain 1-year 24-hour rainfall depth for project location from NOAA website:
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds map cont.html?bkmrk=ga

. ‘ PDS-based precipitation frequency estimates with 90% confidence intervals (in inches)’
S - 4 . 2 9 N C h eS ] | Average recumence interval (years)
Duration
P _ 3 41 |nCheS | 1 2 5 10 25 50 100 200 S00
’ < i 0.410 0.470 0.576 0.669 0.806 0.919 1.04 117 1.34
(0.351-0.483) || (0.402-0.555) || (0.490-0.680) || (0.565-0.793) || (0.680-0.987) || (0731-1.13) || (0.79¢4-1.30) || (0.350-1.4%) || (0.937-1.75)
: = | 0min 0.601 0.689 0.843 0.979 1.18 1.35 1.52 1.71 1.97
,:a;-hmm ==, j;.‘:‘-c' (0.513-0.708) (0.588-0.812) (0.717-0.996) (0.828-1.186) (0.965-1.45) (1.07-1.66) (1.16-1.91) (1.24-2.19) (1.37-2.57)
7w Sreenie 15 0.732 0.240 1.03 1.19 1.44 1.64 1.85 2.08 2.40
f Y‘. (0.626-0.863) (0.717-0.991) (0.874-1.21) (1.01-1.42) {1.18-1.76) (1.31-2.03) (1.42-2.33) {1.52-2.66) (1.67-3.13)
3 P <o 1.04 1.19 1.46 1.69 2.05 2.33 2.64 2.97 343
A% (0.388-1.23) (1.02-1.41) (1.24-1.72) (1.43-2.01) (1.67-2.51) (1.86-2.38) (2.02-3.32) (2.17-3.30) (2.33-4.48)
\ ; E0min 1.35 1.54 1.89 2.19 2.65 3.02 3.42 3.84 4.44
¥ % [1.15-1.59) (1.32-1.82) (1.81-2.23) (1.85-2.60) [2.17-3.24) (2.40-3.73) (2.61-4.29) (2.50-4.92) (3.10-5.80)
b 1.66 1.90 2.32 2.69 3.25 3.71 4.19 4.72 5.45
M (1.42-1.94) (1.63-2.22) (1.88-2.72) (2.28-3.17) (2.68-3.95) (2.88-4.54) (3.24-523) {3.48-5.99) (3.86-7.05)
L/ aon,
> [ o . 1.86 213 2.60 3.01 3.62 413 4.66 5.23 6.03
i Tk B ) b LY (1.61-2.17) (1.83-2.48) (2.23-3.03) (2.57-3.53) (3.00-4.38) (3.33-5.03) (362-5.78) (3.89-6.60) (4.30-7.76)
| e o 2.30 2.61 3.16 3.63 4.33 4.91 5,5 6.15 7.04
\ 2 (1.99-2.66) (2.26-3.03) (2.72-3.66) (3.12-4.23) (3.62-5.19) (3.99-5.92) (4.33-6.78) (4.63-7.69) (5.10-8.97)
Ll 12 2.85 3.22 3.35 4.40 5.19 582 6.48 7.7 g.12
Dottan (2.48-3.2T) (2.80-3.70} (3.24-4 44) (3.80-5.08) {4.35-6.15) (4.77-6.95) (5.14-T.87) (5.47-8.56) (5.96-10.2)
\ase b 3.41 3.88 4.66 5.31 6.23 6.94 7.67 8.41 9.41
iR by (2.95-3.89) (3.40-4.43) (4.06-5.33) (4.61-6.03) (5.25-7.29) (5.73-5.20) (B.14-9.21) (6.49-10.3) (7.01-11.7)
- S
o Janassee (rrsenite || 2.0a 3.93 4.52 547 6.26 7.35 8.18 9.02 9.86 1.0
=l ¥ [3.45-4.45) (3.97-5.12) (4.80-6.21) (5.47-7.13) (6.23-8.52) (6.51-9.58) (7.28-10.7) (7.70-11.9) (8.30-13.5)



http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=ga
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=ga
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=ga
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=ga

_—

Channel Protection Volume (CP,)

Calculation Steps
Determine direct runoff depth for 1-year 24-hour storm
event

Now we have values for S and P;:
Calculate direct runoff:

2
P = 1-year 24-hour rainfall — (P o O ' 2 S )
depth (inches) Q 1,24 - Eq 10.2-10
S = ultimate abstraction (P + 085) S=4.29 inches
— P = 3.41 inches

(3.41—0.2%4.29)"

© (3.4140.8%4.29)

= 0.95 inches
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Channel Protection Volume (CP,)

Calculation Steps
Determine the unit peak discharge rate (q,) for the 1-year
24-hour storm event

Dete rmine d,: Figure 10.2-8 - Unit peak discharge (qu) for SCS Type Il rainfall distribution (1233
u.
1ouy
800 -
Fig10.2-8 | .
500 - {th
~ 400+ r 270
_ € 33
Ia - ? E 300 q":
P =3.41 inches 3 &
. . P e
Tc = 25 minutes (given) | § | &
la=0.2*S :
=
=0.2 * 4.29 inches 100
= 0.858 inches i
&0 -
so T T 1 1 1 T | T 1] 1 T ¥ T ] ] .
3 2 A 6 8 1 2 4 [ 10

Time of concentration (T ), (hours)

-

¢
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Channel Protection Volume (CP,)

Calculation Steps
Determine the unit peak discharge rate (q,) for the 1-year
24-hour storm event

Dete rmine qu: Figure 10.2-8 - Unit peak discharge (qu) for SCS Type Il rainfall distribution %32
800 |
Fig10.2-8 | . | q,=525

500 . e, b
400 - ho-?o

la=0.858 RS

P = 3.41 inches NS

Tc = 25 minutes (given) %

200

la/P = 0.858/3.41
= 0-25 100 4

80 -

Unit peak discharge (g_), {esm/in)

&0

Tc = 25 minutes

50

_042hour e | 2 X ‘Géi 2 4| [ .GIS.'IO

Time of concentration (T ), (hours)




Calculation Steps

e Compute the channel protection volume

Calculate Vs (storage volume required):

Eq 10.2-13

Y
Vs = (—S> xQ"1,24 * A * 3630
VR

We need to know V/V, to perform this calculation.....

Eq 10.2-12

Vs

VR

2
= 0.682 — 1.43 (Z_) + 1.64 (Z_)

We need to know q_/q; to perform this calculation.....

Channel Protection Volume (CP,)

— O.804<

do
qi

(.’,,

;



ent of Transportation

Determine q,/q;:

Fig 10.2-8

q,/d;=.035

Calculation Steps

9 Compute the channel protection volume

Figure 10.2-6 - SCS ratio of outflow to inflow curves %2

Ratio of Outflow to Inflow (¢./gn)

0500

[ELLE 18

RS

s
g

0100 ¢
0.0450 4

0.000 febeiibofuiuiiis + ansat 4
S0 100 950 200 230 M0 30 40 4%

Channel Protection Volume (CP,))

T=

q,=525

24 hours |

Unit Peak Discharge {¢.), csm/in

800 650 T0O TS0 800 8BS0 P00 950

1000
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Calculation Steps

e Compute the channel protection volume

Now we can calculate Vy/V;:

2 3
Fq102-12 | ;2= 0682 — 143 (‘C’I—) + 1.64 (‘;—) — 0.804 (‘C’I—)

= 0.682 — 1.43 (.035) + 1.64 (.035)2 — 0.804 (.035)3

q,/d;=.035

=0.63

Now we can calculate V:

Eq10.2-13 | yg = (\‘/’_S) £ Q"1,24 * A * 3630

R

=(0.63) * (0.95 inch) * ( 10.23 acre) * (3,630 ft3/inch-acre)
= 22,225 ft3
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e Design channel protection (CP,)) orifice

Orifice sized to release CPv over 24 hours

Orifice Equation:

Qepy (cfs) =Cp * A(ft2) * \[(2g)AH

(ft) Eq 10.4.3-3

max

(257 cfs) = (0.6) * (A) % 2* (32.2ft/s?) * (1.28ft)

g _ f _
A=0.047 ftz Qyq (orifice flow rate) = 22,225 ft3 /24 hr = .257 cfs
C,, (orifice coefficient) = 0.6

A = orifice area (ft)

A H, . (max depth at CPv stage) = 1.28 ft

D =\ 4 * (0.047 ft2)/

D =0.25ft = 2.9 in (use 3 inches for constructability)

CP, orifice: 3” diameter at top of water quality volume



Steps to Design Wet Detention Pond

6 Design channel protection (CP,)) orifice

Routed Pond

& (cfs) Q (cfs)
Hyd. Mo. 4 — 1 Year
10,00 10.00
8.00 8.00
G.00 G.00
4.00 4.00
2.00 2.00
0.00 - 0.0D
H 4 8 12 16 20 24 28 32 36 40
Time(hrs)

— Hyd No. 4 — Hyd Mo, 2 [TTTT1 Total storageused =14 505 cuft



epartment of Transportation

1 Calculate forebay volume
Calculate permanent pool volume
and verify pond can maintain
Calculate water quality volume and
design orifice
Calculate channel protection volume
ﬂ and design orifice

5 Design pond and outlet to maintain

25-yr pre-development peak flow

Design spillway to safely convey 100-
ﬁ yr post-development peak flow

~ Steps to Design Wet Detention Pond

Vipay = 900 ft3

V. .. =900 ft3, Depth_. =1.5 ft

pool min

.. = perm pool
orif =~ elevation

WQ, = 9,059 ft3, D_ .. = 2”, Elev

orif —

CP, =22,225 ft3, D, = 3", Elev,, = Water quality

orif elevation



&
Steps to Design Wet Detention Pond

=¥ Maintain pre-development peak flows (Qp,s)

Multi-step process to calculate Qp, using NRCS TR-55 Methodology
_ Compute pre-development peak flow
_ Compute post-development peak flow
_ Calculate estimated storage volume
- Design outlet control structure for Q5,5 < Qospre

Forebay

\ Spillway Berm Per/manent Pool
100-Year Level 2

25-Year Level

/

Inflow » _ Outflow.

Safety Bench ™ aAquatic' Bench cD)rgaf\l.'\fdown Pond Drain  Riser Ript
rifice




Overbank Flooding Protection Volume
(Qy) Calculation Steps




Overbank Flooding Protection Volume
(Qy) Calculation Steps

_(P—0.25)?

Calculate direct runoff: Q" = Eq 10.2-10
2524 (p40.85)
_ 1000 _ 10 Neww =615 -6.4 Pss="7?
- CN Norop =705 =43

post




-
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Overbank Flooding Protection Volume
(Qy) Calculation Steps

Obtain 25-year 24-hour rainfall depth for project location from NOAA website:
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds map cont.html?bkmrk=ga

‘ PDS-based precipitation frequency estimates with 90% confidence intervals (in inches)’
) | Average recumence interval (years)
Duration = =
1 I 2 I 5 I 10 I 5 I 50 I 100 I 200 I 500
< i 0.410 0.470 0.576 0.669 0.806 0.919 1.04 147 134
(0.351-0.483) || (0.402-0.555) || (0.490-0.680) || (0.565-0.793) || (0.680-0.987) || (0731-1.13) || (0.79¢4-1.30) || (0.350-1.4%) || (0.937-1.75)
= ; . = | 0min 0.601 0.689 0.843 0.979 1.18 1.35 1.52 1.7 1.7
h;?.hmm ',_./ : ""\ __‘,_.f"“j' (0.513-0.703) (0.588-0.812) (0.717-0.995) (0.823-1.16) (0.966-1.45) (1.07-1.66) (1.16-1.91) (1.24-2.19) (1.37-2.57)
Ve s P8 | 50 0.732 0.840 1.03 119 144 1.64 1.85 2.08 240
A \ \ 1‘-. (0.626-0.563) {0.717-0.991) (0.874-1.21) (1.01-1.42) {1.18-1.76) (1.31-2.03) (1.42-2.33) {1.52-2.66) (1.67-3.13)
oot <o 1.04 1.19 1.46 1.69 2.05 233 264 2.97 3.43
Neh (0.388-1.23) (1.02-1.41) (1.24-1.72) (1.43-2.01) (1.67-2.51) (1.86-2.38) (2.02-3.32) (2.17-3.30) (2.33-4.48)
\ /" S || 6nmin 1.35 1.54 1.80 2.19 2.65 3.02 3.42 3.84 4.44
= o AfTata e (1.15-1.59) (1.32-1.32) (1.61-2.23) (1.85-260) (2.17-3.24) (2.40-3.73) (261-4.29) (2.80-4.92) (3.10-5.80)
b 1.66 1.90 2.32 2.69 3.25 3T 419 4.72 5.45
i ‘h (1.42-1.94) (1.83-2.22) (1.98-2.72) (2.29-3.17) {2.68-3.95) (2.93-4.54) (3.24-5.23) (3.48-5.99) (3.86-7.05)
/ akon, J
o [ Mo O s 1.86 213 2.60 3.01 3.62 413 4,66 5.23 6.03
gomeFy ke ) ko o fs (1.81-2.17) (1.83-2.48) (2.23-3.03) (2.57-3.53) {3.00-4.38) (3.33-5.03) (3.62-5.7T8) {3.89-6.60) (4.30-7.78)
[ i o 2.30 261 3.16 3.63 4.33 4.91 5.51 6.15 7.04
(1.99-2.66) (2.26-3.03) (2.72-3.66) (3.12-4.23) (3.62-5.19) (3.99-5.92) (4.33-6.76) (4.63-7.69) (5.10-8.97)
ity N\ ( 12 2.85 3.22 3.85 4.40 5.19 5.82 6.48 747 8.12
domn “;‘ ] (2.48-3.2T) (2.80-3.70) (3.34-4.44) (3.80-5.058) {4.35-6.15) (4.77-6.95) (5.14-7.87) {5.47-5.36) (5.96-10.2)
L | b 341 3.88 466 5.31 6.23 6.04 1.67 8.41 9.41
s by \ (2.95-3.39) (3.40-4.43) (4.08-5.33) (4.61-6.09) (5.25-7.29) (5.73-5.20) (B.14-9.21) (6.49-10.3) (7.01-11.7)
T~
S (rrsenite || 2.0a 3.03 452 5.47 6.26 7.35 £.18 0.02 9.86 11.0
= — ¥ (3.46-4.43) (3.97-5.12) (4.80-6.21) (5.47-713) (6.23-8.52) (6.81-9.58) (7.29-10.7) (7.70-11.9) (8.30-13.5)



http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=ga
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=ga

Overbank Flooding Protection Volume
(Qy) Calculation Steps

, (P-0.25)?
Calculate direct runoff: Q 2524 (P10385) Eq 10.2-10
— 1000 10 MNew=61 s, =64 P 55,24 = 6.23 inches
CN CNprop =70 5 post = 4.3

Qo524 pre=  2-151inches  Q p554 pos= 2:98 inches
Q 5574 ner=  0.83 inches




s &
Overbank Flooding Protection Volume
(Qy) Calculation Steps

; (P-0.25)?
Calculate direct runoff: Q” ;o ,,=—————— Eq 10.2-10
. ’ (P+0.85)
Determine runoff depth(Q- 1000 ) _
1 inches) for 25-year 24-hour S = — — Nexs: =615 =64 P 2524 = 6.23 inches
storm event CN CNorop =70 s =4.3

Q504 pre=  2.1510nches Q554 post= 2.98 inches
Q 5524 ne=  0-83 inches

/ Determine the unit peak
2 discharge rate (q,) for the
25-year 24-hour storm

\ event

Determine q, using Figure 10.2-8

3 Compute the overbank
flooding protection volume

4 Estimate the peak flow
rates



Overbank Flooding Protection Volume
(Qy) Calculation Steps

Dete rmine qu: Figure 10.2-8 - Unit peak discharge (qu) for SCS Type Il rainfall distribution (1233

ouy

800

Ay (pre) = 400

Fig 10.2-8

600

500 -

&
&
405X R ]
L
A

300

qu (post) =585

13 e=0.2%S . =1.28
13 post = 0.2 * Sy, = 0.86

P =6.23 inches

200

1a/P (e = 1.28/6.23 = 0.20

Unit peak discharge 19,). (esmiin)

/P (posy = 0.868/6.23 =0.14 10

TC (pre) = 45 minutes = 0.75 hour S

B0

50 T T X T T Tx ™t T ' T T ;i T 1
A 2 6 : 1 2 4 6 ] 10

Time of concentration (T ), (hours)

TC (post) = 25 Minutes = 0.40 hour




_—

Overbank Flooding Protection Volume
(Qy) Calculation Steps

, (P—0.25)>
Calculate direct runoff: Q” ;o ,,=————— Eq 10.2-10
Determine runoff depth(Q- ’ (P+0.85)
1 inches) for 25-year 24-hour S = 1000 1o MNew=61 s . -64 P <4 = 6.23 inches
storm event CN MNpw=70 s —a3
post .
Q504 pre=  2.1510inches Q5,4 post= 2:98 inches

// Determine the unit peak Q520 ner=  0.83 inches

z discharge rate (q,) for the Determine q, using Figure 10.2-8
25-year 24-hour storm Ou 2520 pre= 400 Oy 25,24 post= 585

\ event

3 Compute the overbank
flooding protection volume

4 Estimate the peak flow
rates
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Overbank Flooding Protection Volume
(Qy) Calculation Steps

Determine runoff depth(Q-
inches) for 25-year 24-hour
storm event

Determine the unit peak
discharge rate (q,) for the
25-year 24-hour storm
event

Compute the overbank
flooding protection volume

Estimate the peak flow
rates

Calculate direct runoff: Q" =(PLIZS)2 Eq 10.2-10
T B2 (P+0.8S) :
_ 1000 CNeie =61 s =64 P 55,24 = 6.23 inches
CN Norop =705 =43
Q504 pre=  2.1510inches Q5,4 post= 2:98 inches

Q 3524 ne=  0-83 inches

Determine q, using Figure 10.2-8

qu 25,24 pre= 400 qu 25,24 post= 585

Eq 10.2-13

Calculate Vs (storage volume required): V= (“;—S) * Q"25,24 A
R
3,630
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Georgia Department of Transportation

(Qy) Calculation Steps

Determine runoff depth(Q-
inches) for 25-year 24-hour
storm event

Determine the unit peak
discharge rate (q,) for the
25-year 24-hour storm
event

Compute the overbank
flooding protection volume

Estimate the peak flow
rates

Calculate d # Q (P-0.25)?
alculate direct runoff: Q” =
2524 (P40.8S5)
1000 L

— _ 10 CNeX|st 61 Spre=6‘4

o Morop =705 =43
Q 25,24 pre= 2.15 inches
Q554 ner=  0.83 inches

Determine q, using Figure 10.2-8
qu 25,24 pre= 400

Ay 25,24 post= 285

Overbank Flooding Protection Volume

-

C

Eq 10.2-10

P 5524 = 6.23 inches

Q 2524 post= 2:98 inches

Eq 10.2-13

Calculate Vs (storage volume required): V= (k) *x Q"25,24 x A *

3,630
Determine q,/q; from Figure 10.2-6

VR




Determine q,/q;:

(Q,) Calculation

Figure 10.2-6 - SCS ratio of outflow to

Steps

inflow curves 1223

«

Fig 10.2-8

0500

q,/4; (ore)= <040

qo/qi (post) = 028

:

g

L

io of Outflow 1o Inflow (¢./g,)

Rat

01504 ——
\ \\ T=12he
0.100 ¢ —\ S Wi, WS e R ;
\"-\ --""‘"--.
Sy e & A VUSSR e — S S e
--|——1r--]—-----——--- LY I -
R e PO - P *

i

|l Yu (pre)
] 1

=400

1| Yu (post) = 585

| 1

1 1|l T=24 hours |

S0 100 150 W00 W W0 W

Unit Peak Discharge {¢.), csm/in

40 W0 0 650 TOO 750 800 B850 HO0 950 1000
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Georgia Department of Transportation

Overbank Flooding Protection Volume

(Qy) Calculation Steps

Determine runoff depth(Q-
1 inches) for 25-year 24-hour
storm event

Determine the unit peak

2 discharge rate (q,) for the
25-year 24-hour storm
event

3 Compute the overbank
flooding protection volume

4 Estimate the peak flow
rates

. . _(P-0.25)*
Calculate direct runoff: Q" ., —m
_ @ B CN,,: = 61 Spre =64
CN CNpop =70 g post = 4.3
Q 2524 pre= 2.15 inches
Q 5574 ner=  0.83 inches

Determine q, using Figure 10.2-8
qu 25,24 pre= 400

Calculate Vs (storage volume required): V= (E

VR
3,630
Determine q,/q; from Figure 10.2.6
Ao/ 25,24 ore= 0.040

-

C

Eq 10.2-10

Ay 25,24 post= 285

P 5524 = 6.23 inches

Q 2524 post= 2:98 inches

Eq 10.2-13

)*Q?524*A*

qo/qi 25,24 post: 0.028
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Overbank Flooding Protection Volume
(Qy) Calculation Steps

Calculate d ff: Q (P=025) ot
alculate direct runoff: Q" == q10.2-
2524 (P+0.8S)
Determine runoff depth(Q- S = 1000 10 New=61 s =64 P 55,4 = 6.23 inches
1 inches) for 25-year 24-hour CN CN. =70 '
prop ~ S ot =43
storm event P
Qo524 pre=  2:151inches  Q y554 post= 2:98 inches
Q 524 ne=  0.83 inches
Determine the unit peak Determine q, using Figure 10.2-8
2 discharge rate (q,) for the Oy 25,20 pre= 400 Ay 25,24 post= 585
25-year 24-hour storm Eq 10.2-13
event

Calculate Vs (storage volume required): Vg= (“;—S) * Q"25,24 A *
R

S/ 3,630
Determine . from Figure 10.2.6
Compute the overbank %/ &
flooding protection volume Ao/ 25,24 pre™ 0-040 Ao/ 25,24 post™= 0028
AN Determine V/V; from Equation 10.2-12:

Eq 10.2-12

2 3
V.
75— 0682 —1.43 (q—"> +1.64 (q—"> — 0.804 (q—">
Vr qi qi qi

4 E;:;Tate the peak flow Vo/Vg pre= 0.627 V/Vig post= 0.643
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Overbank Flooding Protection Volume
(Qy) Calculation Steps

Determine runoff depth(Q-
inches) for 25-year 24-hour
storm event

Determine the unit peak
discharge rate (q,) for the
25-year 24-hour storm
event

Compute the overbank
flooding protection volume

Estimate the peak flow
rates

Calculate di ff: Q” (P—0.25)" Eq 10.2-10
alculate direct runoff: == q 10.2-
2524 (P+40.8S)
_ 1000 _ 10 MNew=61 s =64 P 5524 = 6.23 inches
CN CNprop = 70 S =43

post

Q504 pre=  2.1510nches Q554 post= 2.98 inches
Q 5524 ne=  0-83 inches

Determine q, using Figure 10.2-8

Ay 2524 pre= 400 Ay 25,24 post= 285

Eq 10.2-13

Calculate Vs (storage volume required): V= (‘\;—S) * Q"25,24 = A *
R

3,630
Determine q,/q; from Figure 10.2.6

Ao/ 25,24 ore= 0.040 a./4; 25,24 post— 0-028
Determine V/V; from Equation 10.2-12:
v 2 3 Eq 10.2-12
5 = 0.682 — 1.43 (q—o) + 1.64 (q—o) — 0.804 (q—o)
Vi qi qi qi
Ve/Vg pre= 0.627 Vg/Vig posi= 0.643

Vs pre= 50,059 ft2 Vs poxe= 71,181 ft2
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Overbank Flooding Protection Volume

(Qy) Calculation Steps

Determine runoff depth(Q-
inches) for 25-year 24-hour
storm event

Determine the unit peak
discharge rate (q,) for the
25-year 24-hour storm
event

Compute the overbank
flooding protection volume

Estimate the peak flow
rates

Calcul d ff Q (P 025)2 Eq 10.2-10
alculate direct runoff: == q10.2-
2524 (P+0.85)
_ 1000 10 New =61 s, =64 P 55,4 = 6.23 inches
CN CNprop =70 S =43

post

Q504 pre=  2.1510inches Q554 pos= 2:98 inches
Q ;524 ne=  0-83 inches

Determine q, using Figure 10.2-8
qu 25,24 pre= 400 qu 25,24 post= 585

Eq 10.2-13

Calculate Vs (storage volume required): V= (“;—S) * Q"25,24 x A *
R

3,630

Determine q,/q; from Figure 10.2.6

qO/qI 25,24 pre= 0'040 qo/q| 25,24 post= 0'028

Determine V/V, from Equation 10.2-12:

Vs
= 0.682 — 1.43 <q°> + 1.64 <q°> —0.804 <q°>
VR CIL CIL CIL

Vg/Vg o= 0.627 Ve/Vig pos= 0.643
Ve, ..= 50,059 ft3 Vs po= 71,181 ft3

3
Estimate the peak fIoWFate Jg‘l'rlig qﬁ%%%gn 1002 ﬁlﬂ

S pre

Q ,5 (pre) = q,*A*Q"*F,=400*10.23 acres/640 acre/mi?*2.15 inches*1 = 13.7 cfs
Q ,5 (post) = q,*A*Q"*F,= 585*10.23 acres/640 acre/mi?*2.98 inches*1 = 27.9 cfs
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Determine runoff depth(Q-
1 inches) for 100-year 24-
hour storm event

Determine the unit peak

2 discharge rate (q,) for the
100-year 24-hour storm
event
3 Compute the overbank
flooding protection volume

4 Estimate the peak flow
rates

- -

C

Extreme Flooding Protection Volume
(Qr.100y) Calculation Ste

(P-0. 25)2
Calculate direct runoff: Q” 100,24 m Eq 10.2-10
— 1000 _ 10 CNexist: 61 Spre =6.4 P 100,24 =7.67 inChes

CN CNyop =70 g

prop =43

post

Q 100,24 pre— 3.19 inches Q 100,24 post™ 4.17 inches

Determine q, using Figure 10.2-8
qu 100,24 pre= 405 qu 100,24 post= 590

Eq 10.2-13

Calculate Vs (storage volume required): V= (\‘/’—S) * Q"25,24 x A *
R

3,630

Determine q,/q; from Figure 10.2.6

qo/qi 100,24 pre™ 0.037 qo/qi 100,24 post— 0.025

Determine V/V, from Equation 10.2-12:
Vs
=0.682 — 1.43 <q°> + 1.64 <q°> —0.804 <q°>
VR CIL CIL CIL
Vg/Vg pre= 0.631 Vo/Vig posi= 0.647

Vs o= 74,748 ft3 += 100,190 ft3
Estimate the peak flow rate using Equation 16 2-14:

Q g0 (pre) = q,*A*Q"*F,=405*10.23 acres/640 acre/mi’*3.19 inches*1 = 20.7 cfs
Q 190 (post) = q,*A*Q"*F,=590*10.23 acres/640 acre/mi’*4.17 inches*1 = 39.3 cfs



epartment of Transportation

1 Calculate forebay volume
Calculate permanent pool volume
and verify pond can maintain
Calculate water quality volume and
design orifice
Calculate channel protection volume
& and design orifice

Design pond and outlet to maintain

25-yr pre-development peak flow

Design spillway to safely convey 100-
ﬁ yr post-development peak flow

Steps to Design Wet Detention Pond

Vipay = 900 ft3

Voo = 900 ft3, Depth, ;= 1.5 ft

— perm pool
orif — elevation

WaQ, = 9,059 ft3, D, = 2”, Elev

orif —

cpv = 22,225 ft3, D .=3" Elev . = water quality

orif = orif = elevation
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~ Storage Volume Estimation Steps

25-year Storm

Calculate ratio of post (Qpyspos)

1 to pre-development (Qpys,re)
discharge:

2 Calculate the inflow volume of
runoff (Vg)

3 Find the ratio of V¢/V; using
Figure 10.5-3

4 Calculate Vq
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Storage Volume Estimation Steps

25-year Storm
/ Calculate QPZS(pre)/ QPZS(post):
Calculate ratio of post (Qp,s,0.t)
1 T o e (szspre") t Qp2s (pre) _ (13.7 cfs) — 0.49
discharge: Qp2s (post) 279 cfs
AN

2 Calculate the inflow volume of
runoff (V)

3 Find the ratio of V¢/V; using
Figure 10.5-3

4 Calculate Vq



Georgia Department of Transportation

("

Storage Volume Estimation Steps

25-year Storm

Calculate ratio of post (Qp25post)

1 to pre-development (Qp,sprc)
discharge:

2 Calculate the inflow volume of
runoff (V)

3 Find the ratio of V¢/V; using
Figure 10.5-3

4 Calculate Vg

Calculate Qpys(pre) / Qpaspost):

Qp2s (pre) __ (13.7 cfs

27.9 cfs) =049

V = volume of runoff (ft3)
Kz = conversion from in-mi? to acre-ft
Calculate Vg: Qp = Q5,54 = 25-yr, 24-hr runoff depth (in)
— * * = basi 2
VR = KR QD AM A,, = basin area (mi?)

Qp2s (post)

=(53.33)*(2.98 in)*(10.23 ac) * (mi?/640 acre)
=2.55 ac-ft = 111,026 ft3
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Storage Volume Estimation Steps

25-year Storm

Calculate ratio of post (Qp25post)

1 to pre-development (Qp,sprc)
discharge:

2 Calculate the inflow volume of
runoff (V)

3 Find the ratio of V¢/V; using
Figure 10.5-3

4 Calculate Vg

Calculate Qpys(pre) / Qpaspost):

Qp2s (pre) __ (13.7 cfs

27.9 cfs) =049

Qp2s t
(post) V, = volume of runoff (ft3)

Kz = conversion from in-mi? to acre-ft
Calculate Vy: Qu = Qy 54 = 1-y1; 24-hr runoff depth (in)
— * * = basi 2
VR = KR QD AM A,, = basin area (mi?)

=(53.33)*(2.99 in)*(10.23 ac) * (mi?/640 acre)
=2.55 ac-ft = 111,026 ft3

Find V¢/V; :using Figure 10.5-3:



m

Steps to Design Wet Detention Pond

E Maintain pre-development peak flows (Qp,:)

* Find the ratio of V/V, using Figure 10.5-3

VslvR (25-yr) = 0-28 \\\
N -
5 '\ \\\ QO/Q| =0.49
N\
NN\
L
G . \\ \\‘
o
Eleg N
2|2 N7
ols N N,
g e 3 \\ \\"0;‘?
N\ T
N ' ~~—
\‘Ebe‘ 7 ! T~
E T
2 \% \"‘-..._
1 —
H T ——
i
! A 2 .3 4 x.5 6 7 .8

Peak outflow discharge do

(=)

Peak inflow discharge  * q;
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«

Storage Volume Estimation Steps

25-year Storm

Calculate ratio of post (Q,) to

1 pre-development (Q,)
discharge:

2 Calculate the inflow volume of
runoff (V)

3 Find the ratio of V¢/V; using
Figure 10.5-3

4 Calculate Vg

Calculate Qpys(pre) / Qpaspost):

Qp2s (pre) __ (13.7 cfs

27.9 cfs) =049

Qp2s t
(post) V, = volume of runoff (ft3)

Kz = conversion from in-mi? to acre-ft
Calculate Vg Qp = Qy 54 = 1-yr, 24-hr runoff depth (in)
VR — KR * QD * AM A,, = basin area (mi?)
=(53.33)*(2.99 in)*(10.23 ac) * (mi?/640 acre)
=2.55 ac-ft =111,026 ft3

Find V¢/V; :using Figure 10.5-3:

Vo/Vg (25-yr) = 0.28
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Storage Volume Estimation Steps

25-year Storm

Calculate ratio of post (Q,) to

1 pre-development (Q,)
discharge:

2 Calculate the inflow volume of
runoff (V)

3 Find the ratio of V¢/V; using
Figure 10.5-3

4 Calculate Vg

Calculate Qp;55re)/ Qpasipost):

Qp2s (pre) __ (13.7 cfs

27.9 cfs) =049

Qp2s t
(post) V, = volume of runoff (ft3)

Kz = conversion from in-mi? to acre-ft
Calculate V: Qp = Qy 54 = 1-yr, 24-hr runoff depth (in)
— * * = i 2
VR = KR QD AM A,, = basin area (mi?)

=(53.33)*(2.99 in)*(10.23 ac) * (mi?/640 acre)
=2.55 ac-ft = 111,026 ft3

Find V¢/V; :using Figure 10.5-3:

Vo/Vg (25-yr) = 0.28

Calculate V:

VS = VR * VS/VR
= (111,026 ft3) * (0.28)
= 31,087 ft3



partment of Transportation

1 Calculate forebay volume
Calculate permanent pool volume
and verify pond can maintain
Calculate water quality volume and
design orifice
Calculate channel protection volume
& and design orifice

5 Design pond and outlet to maintain

25-yr pre-development peak flow

Design spillway to safely convey 100-
ﬁ yr post-development peak flow

Vipay = 900 ft3

Voo = 900 ft3, Depth, ;= 1.5 ft

— perm pool
orif — elevation

WQ, = 9,059 ft3, D, = 2”, Elev

orif —

_ water quality
orif — elevation

CP, =22,225ft3, D, = 3", Elev

orif

Q,; =31,087 ft3
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Storage Volume Estimation Steps

100-year Storm

Calculate ratio of post
(Qf 1 90post) tO pre-development
(Qqgopre) discharge:

Calculate the inflow volume of
runoff (V)

Find the ratio of V¢/V; using
Figure 10.5-3

Calculate Vq

Calculate Qg;g(pre) / Qe100(post):

QpP100 (pre) _ (20.7 cfs

= )=053
39.3cfs
V = volume of runoff (ft3)
Kz = conversion from in-mi? to acre-ft
Qp = Q; 54 = 100-yr, 24-hr runoff depth (in)

A,, = basin area (mi?)

Q100 (post

Calculate V;:
Ve=Kg * Qp * Ay
=(53.33)*(4.17 in)*(10.23 ac) * (mi?/640 acre)
=3.55 ac-ft = 154,843 ft3

Find V¢/V; :using Figure 10.5-3:

Vo/Vg (100-yr) = 0.26

Calculate V:

Vg =V * VS/VR
= (154,843 ft3) * (0.26)
= 40,259 ft3



Design Example

Steps to Design Wet Detention Pond

1 Calculate forebay volume Vipay = 900 ft3

——
z Calculate permanent pool volume
and verify pond can maintain
3 Calculate water quality volume and
design orifice
Calculate channel protection volume
4 and design orifice

5 Design pond and outlet to maintain

25-yr pre-development peak flow

Design spillway to safely convey 100-
5 yr post-development peak flow

Vv

pool

= 900 ft3, Depth

wQ

' |

CcP

\'

c1P25

Qs

= 9,059 ft3,|D

=22,225 ft} D

= 31,087 ft3

=40,259 ft3

orif —

@ution: Manual caIcuIations\

are approximate and can
result in storage volumes

using software that bases
calculations on entire
hydrograph rather than just

Qorage design

larger than necessary. Route

peak flow, for more accurate

)

=1.5ft

min

- — perm pool
2 EIevOfif elevation

orif —

_ _ water quality
3% Elevorif ~ elevation
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Calculate Storage VVolume Required using NRCS Method

= Catchmﬂll_l’iamﬁﬂ] @ Wl
- - & -
Project Basin M S ez @y HEY @2 aE) |
4+ - 3 - [[]Addto Selection Pelevepenl - B2 @ IE0 IR BELL =Rl
. P e B - | M By
- ) ¢ Element ol GDOT Downsiream Ansiysis Example Pondpackppe GDOT Example Wet Pond Design.ppe arx
SCS Unit Hydrograph Method (Predefined) o ||| faxmzxae oo
. ini:tn:a 5
Pre-Project Pord 0t P
P an - Junction =
Conditions Proect Basin A e |
[m|
Gl5-IDs «Callection: 0 tems> A
CN =61 Hyperlinks <Collection: 0 tems: = 4
. I <Geomelry> 1 mry
Tc =45 min Active Topology
B Catchment o StruetUS
Qutflow Node Project Qutfall
| Rainfall
B Runoff
Runoff Method Unit Hydrograph
Loss Method SCSCN AEsiomellos *ox Project Cutfzll
Use Scaled Area? False @- % |5 o g
Area (User Defined) (acres) w2 W Background Layers
CN Input Type Simple CN : User Notifications 4 x
SCSCN 61.000 HAEHERFe
Unit Hydrograph Method SCS Unit Hydrograph Message ld  Scenario Blement Typs Bementd  Label Time (hours)  Message
Tc Input Type User Defined Tc
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TimBDfCDnDBnhiﬁm ““.s] — J . . ||X: 32.80H. Y 41.08R| Zoom Level: 119.3% | Ik |1 ;I‘
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Calculate Storage VVolume Required using NRCS Method

Pre-Project
Conditions

CN=61
Tc = 45 min

Properties - Catchment - Project Basin 30)

Project Basin -~ g 100%

4 - ¥~ [[]Addto Selection
1

ISC.S Unit Hydrograph Method (Predefined)

30
Project Basin

GIS-IDs
Hyperlinks
<Geometry>
Active Topology
Catchment
Rainfall
Runoff
Unit Hydrograph (Advanced)

<Collection: 0 tems:
<Collection: 0 tems:

ime Increment (hours) 0.100
mputed) (f3/s) 13.81
12 400

Results (SCS Unit Hydrograph)

Results (Computed)

i Fle Edit Analysis Components
D& EHIB-&-0
el AERPPRI IO z-R@Ed Sy @20
PoDovprentl. - B 2@ YIEDI%IEE LR QR0
PO B B [ A

View Tools Repott Help

-
Bentley PondPad] Example Wet Pond Design.ppc] LElﬂE“

ux

Hement Symbology

d- XA e
Conduit

2, Label

Pond Qutlet

A Label

Junction

A Label

Pond OQutlet Ertrance

GDOT Downstream Analysis Example Pondpack ppe”  GDOT Example Wet Pond Design.ppc 4

W

f soicmie o

Outlet Structure

: Background Layers 2 x
A-x[es
----- V= Background Layers

Project Qutfall

[

: User Notifications kS

HEHERre

Messsgeld  Scenario Hement Typs Hement Id  Label Time (hours)  Message

4 n ]

| % 32.80ft. Y: 41.08ft Zoom Level: 119.3% | =
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Calculate Storage VVolume Required using NRCS Method

Post-Project
Conditions

Roadway
Impervious
Area Added

CN=70
Tc = 25 min

Project Basin

4+ - 3~ [ Addto Selsction

[SCS Unit Hydrograph Method {Predefined)

Gl5-IDs
Hyperlinks
<Geomelry>
Active Topology
Catchment
QOutflow Mode
Rainfall
Runaoff
Runoff Method
Loss Method
Use Scaled Area?
Area (User Defined) (acres)
CHN Input Type
SCSCN
LUnit Hydrograph Method
Tc Input Type

Time of Concentration (hours)
Time of Concentration [Compaosite) (hours) 0.420 -

30
Project Basin

«Callection: 0items>
<Collection: 0items:

Wet Pond

Unit Hydrograph
SCSCN

False

10.230

Simple CH

70.000

SCS Unit Hydrograph
User Defined Tc
0.420

Time of Concentration (hours)

- —
Bentley PondPack Vi [GDOT Example Wet Pond Design.ppe] Lglﬂﬁ“
—‘

i Bie Edt Anayss Comporerts View Took Repor Help I
D@ EIR-&-]
ar AlFELAY I -Dme ESy @ -2/E ] |
et o 2@l @0 % @Ela =salael
P O e B - | M By
||; Homent Symbalogy 2 X GDOT Downstream Anslysis Example Pondpackppc© GDOT Example Wet Pond Design. ppe apx
A- X[ xa s g
Condutt Eﬁ i
A Label
Pond Outlet 4
A Label a
Junction =
2 Label @
Pond Outlet Ertrance o
m}
A
e
_
Gutlet Structure
: Background Layers x
. ) # Project Cutfzll
@-xm¥es _
----- Background Layers
: User Notifications 2 x
dWHEHh e
Messsgeld  Scenario Hement Typs Hement ld  Label Tims (hours)  Message
4 n ] 3
| % 153674, Y- 55.75% Zoom Level: 1193% | I
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Calculate Storage VVolume Required using NRCS Method

Post-Project
Conditions

Roadway
Impervious
Area Added

CN=70
Tc = 25 min

Properties - Catchment - Project Basin (30)

Project Basin - ,& L7

t- ¥ IMdtoSeIedion

ISCS Unit Hydrograph Method (Predefined)

044 |38

B <General>
10 30
Label Project Basin
Motes
GIS-IDs
Hyperlinks

<Collection: 0 tems:
<Collection: 0 tems:

<Geometry>

Active Topology

Catchment

Rainfall

Runoff

Unit Hydrograph (Advanced)

HEEHEBHEE

E Results (Computed)
Computational Time Increment (hours)
Fliow k, Computed) (ft3/s)

0.067
2644

'| Results (Compuied)

- —
Bentley PondPack Vi [GDOT Example Wet Pond Design.ppe] LElﬂE“

i Bie Edt Anayss Comporerts View Took Repor Help I
D@L IR-&-]
LY PR TR B P =11 ) |
et o 2@l @0 % @Ela =salael
P O e B - | M By
FE L L RS GDOT Downstream Anslysis Example Pondpackppc© GDOT Example Wet Pond Design. ppe arx
B oo
]
P2
[
@]
m}
A
e
-
Gutlet Structure
alecopundioes #ox Project Qutfall
@A-X @ | » < g
BT
: User Notifications 2 x
dWHEHh e
Message Id Scenario Element Type Element Id  Label Time (hours) Message
4 n ] 3

||%: -153.67ft. Y: -55.75ft Zoom Level: 119.3% | I




sl_)(lrtalion

- Steps to Design Wet Detention Pond

5 Maintain pre-development peak flows (Qp,:)

Comparison of peak flows calculated with software:

Peak Flow (cfs)
Scenario 1-yr 25-yr 100-yr
Pre-development 2.47 13.95 21.34
Post-development 8.61 29.52 41.62
Difference 6.14 15.57 16.11
Percent Increase 248% 112% 95%

@
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Wet Detention Pond Design

Estimate dimensions of wet detention basin:

e Use software OR manual calculation

 Dimensions will need adjustment to include:
~ Permanent Pool
- Safety bench
- Aquatic Bench

Forebay

Spillway Berm Permanent Pool
100-Year Level 7

Inflow

Safety Bench Aquatic Bench

Drawdown 7 pod rai Riser Ript
Orifice
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Wet Detention Pond Design

e Design emergency spillway to provide safe passage of the
100-yr, 24-hr event

SYMBOL DEFINITION
a Water Quality Orifice Invert Elevation
b Channel Protection Orifice Invert Elevation
Y C Overbank Flood Protection Invert Elevation
[ | . .
= - - d Extreme Flood Protection Invert Elevation
"Jl ‘4 | 4 - e Permanent Pool Elevation
. c—14 6 MIN X Outlet Structure Width
L 16" MAX 6 2 T Y Outlet Structure Length
— H Outlet Structure Height
] =1 - )
4 b T~__ THREADED 36" PERFORATED ' ROUND CMP
-7 |—m—.||l\ /7_ END CAP WITH STEEL PLATE, ‘4 DIA. HOLE
SEE DETAIL) =TT g o -
A — | f—f ] T— ~
L= ’
- A N k!
ITE=EET 16 MAX S N\ 5
W | o b a
16" MAX
\Z._.r—-—-|—| i ' “m"
__ — I |: [=] a = T #—I_
TEIEE: e RIRNCIE
—|—[\\\\>«\\\P\\\\\\\ - 6" PIPE DIA (MIN)

FOUNDATION BACKFIL L - )
MATERIAL, TYPE 5W 12" M'N"NL
E

(GDOT SPECIFICATION 207 PVC GAT
VALVE
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Detailed Wet Pond Design

Outlet Structure Configuration

Configure Outlet Structure According to Calculations:

Outlet pipe
Water Quality Orifice
Channel Protection Orifice

Overbank Flood Protection (Q,:)
Weir/Orifice

Extreme Flood Protection (Q100)
Weir/Orifice

Emergency Spillway (in pond
embankment)

SYMBOL  DEFINITION
a Water Quality Orifice Invert Elevation
b Channel Protection Orifice Invert Elevation
¢ Overbank Flood Protection Invert Elevation
F Y | d Extreme Flood Protection Invert Elevation
I VI e Permanent Pool Elevation
a a | aly X Outlet Structure Width
T 4 6" MIN Y Outlet Structure Length
16" MAX 6" €7 P+ T H Outlet Structure Height
o i
] =1 - 4
— A
4 b “*-->_ THREADED 36" PERFORATED ' ROUND CMP
—m—m—.”l\ % END CAP WITH STEEL PLATE, %" DIA. HOLE
( STEPSS o 1 MIN. SPACED 4" OC
SEE DETAIL) = |:\1g o
1S R
;umﬂﬁmHzl \:‘5
—ll=lll= T A
= T716” MAX ™ N
OUTLEET / + —_—>
16" MAX
_ { i Hﬂu
I__Gto a 4

ANARRNRNY

FOUNDAEON BACKFE ||—|\
(GDOT SPECIFICATION 207)

NN
12 MINIINI—
PVC GATE
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Detailed Wet Pond Design

Pond Design

Routed pond outflows must maintain or be less than the 25-year

pre-developed peak flow rate

OAYr O 2Yr O 3Yr O 5Yr O A0Yr @ 25-Yr 50V 0 100-Yr

Hyd. Hydrograph Peak _Tirne Time of Time Volume [rifl vy I'-ﬂaxirn_um Maximum Hydmgrgph
Mo. type flow interval conc. Tc to peak hyd(s) Elevation Storage description
(onigir (cfs) (min) (min) (min) (cuft) (ft) (cuft)
1 SCS Runoff 13.95 2 45.00 742.00 79,530 Pre-dev
. SCS Runoff 2952 2 2500 728.00 109,255 Post-dev
3
4 Reservoir 13.88 2 746.00 107,790 2 105.73 41828 Routed Pond
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Detailed Wet Pond Design

Pond Design
Must provide 1’ (minimum) of freeboard for 100-yr event:
e 100-yr pond elevation = 106.24 + 1.00 (freeboard)
=107.24

e Set top of pond embankment at 108.00 for constructability

O 1Yr © 2¥r © 3Yr © 5Yr © 10-Yr © 25-Yr 50-Yr @ 100-Yr
Hyd. Hydrograph Peak Time Time of Time Valume Infl o Maximum Maximum Hydrograph
Ma. type flow interval conc. Te to peak hyd(s) Elevation Starage description
{origir) (cfs) (min) (min) (min) [cuft) (ft) [cuft)
1 SCS Runoff 21.34 2 4500 T42.00 117 551 Pre-dev
2 SCS Runoff 41.82 2 2500 F28.00 152 874 Post-dev
3
4 Reservaoir 24.584 pa T42.00 151,409 2 10824 B2128 Routed Pond




Detailed Wet Pond Design

What does the pond look like?




Detailed Wet Pond Design

What does the OCS look like?

TOP ELEV. = 107

¥ 100YR. HW 10624

15 BY 37 RECTANGULAR WIER
ELEV.= 104.70

& MIN —=—

(
\

~

| 4.25° D CIRCULAR ORIFICE
ELEV= 10304

| 30" D CIRCULAR ORIFICE

\

\}// ELEV= 10300
O/

;TN
\
/

e

36" RCP OUTLET PIPE
|_—" INV. OUT EVEL=100.00

POND BOTTOM ELEY. =100.00

18" MIN.

OUTLET CONTROL STRUCTURE



Detailed Wet Pond Design

What does the OCS look like?




Design Example - Other Considerations

e Finally, perform cost analysis SSS

— May be infeasible due to cost

e Perform a downstream analysis

— Remember detention is required if downstream analysis shows
adverse impacts due to increased flows, even if it is determined
infeasible based on MS4 infeasibility criteria ’

e Other considerations:
— OCS buoyancy calculation
— Construction detailing
— Construction notes
— Special provisions



Questions

Brad McManus, PE

MS4 Program Manager

Office of Design Policy and Support
bmcmanus@dot.ga.qgov
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